Hormone action in newt limb regeneration: insulin and endorphins.
Although several hormones have been linked to newt limb regeneration, a cohesive hypothesis as to how these hormones control the process is yet to emerge. A critical review of the traditional approaches and a reevaluation of currently operative assumptions and interpretations of results precede the data on insulin and beta-endorphin. Results from in vivo and in vitro experiments on insulin are summarized, showing that insulin not only promotes various cellular events but also is essential for the expression of the mitogenic effect of nerves on cultured newt limb blastemata. Furthermore, the strong likelihood that insulin may be the common link in promoting limb regeneration in hypophysectomized newts that received pituitary hormone replacement therapy or a nutritional supplement is discussed. The status of beta-endorphin in regeneration is also explored. Data are presented to show that vertebrates with regenerating capacity (newts, tadpoles) have higher levels of plasma beta-endorphin than that found in species where the capacity to regenerate is either restricted (frogs) or totally lost (mammals). beta-Endorphin-like immunoreactivity has been localized in the epidermis of a regenerating newt blastema, as well as in the intermediate lobe of the pituitary gland of axolotl, newt, and Xenopus. A possible opiate connection in vertebrate limb regeneration, in particular, wound healing, is discussed.